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Abstract 

We study the potential of the LEP200 collider for chargino production and the 
possibility of the determination of some fundamental SUSY parameters through 
the relation with this study. Total cross sections for two basic signatures of pair 
chargino production and for main backgrounds are calculated. The set of kinematic 
cuts is proposed for the effective background suppression and extraction of the 
signal. Calculations and the MC simulation performed give the limits on chargino 
and neutralino masses that could be obtained at LEP200 with yfs = 200 GeV. 
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1 Introduction 



Supersymmetry M is supposed to be the most promising key for the solution of problems 
of the Standard Model. That is why in recent years the search for SUSY has become one 
of the most important tasks for the present and future accelerators. 

According to the great variety of models with different assumptions there are several 
particles which could have a mass within the reach of present or forthcoming experiments. 
Among these particles are: the lightest Higgs boson, the lightest neutralino, and the 
lightest chargino. 

The Higgs boson, even if it is discovered at LEP II, will not give us complete evidence 
that SUSY takes place. The neutralino discovery at present is been questioned, since 
its production cross section is rather small and the signature is hardly separated from 
background events 0. All this makes chargino the most promising superparticle to be 
discovered soon if there is supersymmetry in the nature. 

In this paper we analyse a possible chargino detection via its creation in e + e~ collisions 
with subsequent 'leptonic' or 'hadronic' decay. We define these decay modes as follows: 
the neutralino, neutrino, and the lepton or neutralino and quark pair (jets) in the final 
state, respectively. 

To study the real possibility to detect the signal from chargino, the MC generator for 
the signal and background has been created. We have also included the effects of detector 
resolution and hadronization effects into our analysis. All squared matrix elements and 
the most part of numerical calculations have been made by the CompHEP package Q , in 
which we have implemented the part of supersymmetric standard model relevant for our 
analysis. 

The paper is organized as follows. In Section 2, we present a brief description of the 
model we have used and discuss the theoretical and experimental motivations for the 
choice of input parameters. Then, in Section 3, we discuss possible modes of chargino 
decays, present the chargino production rate at LEP II and perform the MC simulation 
and kinematical analysis of the signal and background for different signatures with the 
aim to extract the signal and suppress the background. As a result of this analysis, we 
designed an effective set of kinematical cuts. These cuts allow one to extract the signal 
from the chargino up to the collider kinematic limit. In Section 4, we examine the MSSM 
parameters space and explore the regions which could be excluded by the analysis of 
chargino search at LEP II. Then we make some final conclusions. 

2 The Model 

2.1 Basic assumptions 

The framework of the present studies is the Minimal Supersymmetric Standard Model 
(MSSM) || which has already shown itself to good advantage. It is the simplest extension 
of the Standard Model (SM) that makes good use of the idea of supersymmetry as an 
underlying principle. Supersymmetry provides solutions to some of the inner problems 
of SM offering a number of theoretically beautiful ways. Also, in the context of Grand 
Unification idea it allows for the real unification of fundamental interactions at the scale 
of the order 
10 16 GeV @. 
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Constituents of the model are the quarks and leptons of three generations, gauge 
bosons and Higgs scalar fields. To these must be added the superpartners, the particles 
that differ in spin by half a unit. Thus, every gauge field of SM has its fermionic su- 
perpartner, and every matter field has a scalar partner. Contrary to SM, one needs an 
additional doublet of Higgs scalar fields to give masses to up quarks and to down quarks 
and leptons and to avoid the gauge anomaly. 

An appropriate mathematical language to describe a supersymmetric model is the 
language of superfields. The Yukawa interactions are defined by the superpotential that 
in the case of MSSM reads 

W = e i:j (h E UE c H[ + h D Q j D c H\ + huQ j U c H l 2 + ^H\H 3 2 ) (1) 

Here Q and L are the left-handed quarks and leptons superfield doublets; U c , D c , E c , 
superfields corresponding to the right-handed quarks and leptons; and H\$ are the Higgs 
superfields; % and j are the SU(2) indices (e±2 = 1), color and flavor indices being under- 
stood. 

Since we do not observe the exact supersymmetry in the nature, i.e. there are no 
pairs of particles we could identify as superpartners, it is a broken symmetry. At present 
there is a phenomenologically acceptable way to break supersymmetry, to include the soft 
breaking terms into the SUSY lagrangian. Soft, in this context, means that these terms 
do not introduce new quadratic divergences into the theory. It is assumed that breaking of 
supersymmetry takes place in the hidden sector which interacts with the visible world only 
via gravity. All the possible soft terms have been studied in Ref . |6j . The SUSY breaking 
terms in MSSM are the mass terms for the scalars, the mass terms for the gauginos and 
Yukawa type terms: 

- L S b = mlY^ |0i| 2 + (^iaE^" ( 2 ) 
+A (h E Pe c h\ + h D q j d c h\ + h uq j u c h 2 ) + Bfi,h[h& + h.c.) 

In general, MSSM contains too many new unknown parameters and. To reduce the 
number of them, one usually makes a number of simplifying assumptions. Some of them 
come from the Grand Unified Theories and/or Supergravity theories. The most often 
used are the gauge couplings unification and the universality of the soft supersymmetry 
breaking terms at the GUT scale, and radiative breaking of the SU(2) x £7(1) symmetry 
at the electroweak scale. We assume also the .R-parity conservation, which means, in 
particular, that superparticles can be produced only in pairs, and there exists the stable 
lightest supersymmetric particle (LSP) which is usually considered the lightest neutralino. 

After the above-mentioned assumptions are made only five new parameters are left: 

m , mi/2, /x, A, tan/3, 

where m is a common mass for scalars at the unification scale, m\ji is the same for 
fermions, fi is the Higgs mixing parameter, A is the soft supersymmetry breaking pa- 
rameter and tan/5 is the ratio of vacuum expectation values of the two Higgs fields 
tan (3 = V2/V1. 

Fermionic partners of the electroweak gauge and Higgs bosons (gauginos and higgsinos) 
mix to give the mass eigenstates called the chargino and neutralino. 
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Masses can be obtained by the diagonalization of the mass matrices: 

M (c) = ( M 2 V2M w sinf3\ 



(3) 



Mi 






M 2 



U 1V1 2 

—M z cos (3 sin M^ cos (3 cos 6^ 
\ sin sin 6*14/ — M^ sin/3cos6'vl/ 



— M^ cos /? sin 9\y Mz sin /3 sin 9w \ 
M z cos /? cos 9w —Mz sin /? cos 6w 








M 2 is the mass of the wino, whereas M\ is the mass of th< 
The eigenvalues corresponding to the chargino masses are 



-V- 

(4) 

of the U(1)y gaugino, the bino. 



m 2 ± 

Xl,2 



Ml + fx 2 



2M 



± V /(M| - /i 2 ) 2 + 4M^ cos 2 2/3 + 4M^(M 2 2 + ^ 2 + 2M 2 /zsin2/3) 



The neutralino masses m x o are roots A& of the quartic equation F(X) = 0, where 

F(X) = A 4 -(M 1 + M 2 )A 3 -(M| + / u 2 -M 1 M 2 )A 2 

+ [(M 2 sin 2 # w + Mi cos 2 # w — /isin2/?)M| + (Mi + M 2 )/z 2 ]A 

+ [(M 2 sin 2 9 W + Mi cos 2 9 w )iiM 2 z sin 2/5 - MiM 2/ u 2 ] (5) 

The diagonalization can be performed in a straightforward way by multiplying the 
mass matrices by unitary rotating matrices: 



UT M (c)y = N T M (0) N = Mf^ 



(6) 



U = 0_ 



V 



0+, detM^ > 



v a 3 0+, detM^ < 
and the angles 4>± are defined by 

tan20_ = 2y/2 ^^ + M 2 co^ 

M|-/i 2 -2M 2 / cos2/3 

/i cos P + M 2 sin /? 



cos <p± sin </>± 
— sin (fi± cos 0± 



tan 20+ = 2^ 



M|-/i 2 -2M 2 / cos2/? 



The diagonalizing matrices U, V, and N enter into the Feynman rules. 



(7) 



(9) 



2.2 Model parameters 

In this subsection we describe the constraints imposed on the model parameters and the 
experimental limits on masses of SUSY particles^. 

3 The supersymmetric Standard Model with parameters restricted by experimental constraints is often 
referred to as the Constrained Minimal Supersymmetric Standard Model. 



3 



Since we are dealing with the chargino and neutralino, not all the parameters men- 
tioned in the above discussion are relevant for our study. As has been mentioned in e.g. 0, 
the physical properties of the chargino and neutralino depend on /i, and tan f3, which 
can be easily seen from the mass matrices. 

Numerical values of the parameters should obey some common restrictions. For ex- 
ample, if one wants supersymmetry to solve the hierarchy problem, the masses of super- 
partners have to be below 1 TeV. This leads to some obvious boundaries in the parameter 
space. Usually it is supposed that 

-1000 GeV < /I < 1000 GeV, 

< m 1/2 < 1000 GeV, l<tan/5<50 (10) 

Among the experimental constraints that can be imposed on the model parameters 
the top-mass constraint deserves special comment. It has been shown in Ref. |J that once 
it is taken into account (m t = 175 ± 6 GeV) one has to distinguish between two possible 
scenarios determined by the value of tan f3. The two allowed regions are 1 < tan (3 < 3 
and 20 < tan/3 < 40. The sign of the Higgs mixing parameter /i is undetermined since 
the electroweak symmetry breaking constraint determines only fi 2 . One should note also 
that if the relic density constraint is included, only the high tan (3 scenario permits the 
light chargino and neutralino, which is considered the best candidate for the dark matter 
of the Universe. In our study we used, as input parameters, the results of the global fit 
analysis f|, 0! the latter constraint has not been considered in Ref. |§, thus giving the 
possibility for the light chargino and neutralino for the low tan f3 scenario. From now on 
we shall deal with both scenarios, keeping in mind that they imply different sets of the 
basic parameters with the allowed lower mass of the chargino. 

Numerical values of the parameters are presented in table [I] for scenarios with low 
and high tan (3. To calculate the mass spectrum of superparticles we run one-loop renor- 
malization group equations from the unification point down to the low energy 1 TeV) 
region. The mass spectrum obtained is shown in table ^| for both scenarios. 



3 Chargino production and decay 

All analytic and numerical calculations of a 2 — > 2 process of pair chargino production 
(e + e~ — > x + X~)i 2 — > 3 processes of chargino decay, and 2 — > 4 background processes 
have been done with the aid of the CompHEP software package [|]]. This package allows 
one to perform complete tree level calculations in the framework of any fed model. For 
calculations in the framework of MSSM the necessary part of the model related to the 
process under study has been implemented into CompHEP. We used the Feynman rules 



written down in Ref. ||10|| . The model was extensively tested. One of the tests was 
calculations both in the t'Hooft-Feynman and unitarity gauges which had an agreement 
at the level of numerical accuracy. 

The chargino is produced via s-channel (with 7 and Z-boson exchange) as well as via 
the t-channel diagram with the sneutrino illustrated in fig. |l[ s-channel and t-channel 
diagrams interfere destructively, so that the cross section has a minimum at a value of 
the sneutrino mass around m x + , see fig. 0. 
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For the mass spectrum under study the sneutrino mass is much higher than that of 
the chargino and thus the t-channel diagram has a several per cent negative contribution. 
It is clearly illustrated in fig. || where the dependence of the total cross section of pair 
chargino production is shown as a function of the sneutrino mass for low tan (3 (solid line) 
and high tan (3 (dashed line) scenarios. For example, for a given sneutrino mass (407 GeV 
and 801 GeV) and 95 GeV chargino, cross sections are: 2.9 pb and 3.2 pb respectively, 
while contribution only from the s-channel diagram is 3.5 pb and 3.4 pb for these two 
scenarios. 

For the low tan/5 scenario with a lower sneutrino mass, the negative interference is 
bigger than that for the high tan (3 scenario (20% in comparison with 6%). In the range of 
chargino mass 60-100 GeV the cross section is of order of several pb varying from 6.2 pb 
to 1.3 pb and from 6.7 pb to 1.5 pb for the low and high tan/?, respectiely. The total 
cross section versus chargino mass is presented in fig. |3| for both these cases. 

Since the sum of neutralino and ly-boson masses is higher than the chargino mass, 
there is only the possibility of three-body decay for the chargino. The chargino decays 
into jj + x° or I + v + X°- The complete gauge invariant set of Feynman diagrams is 
shown in fig. |J 

If the mass of the next-to-lightest neutralino x\ * s l° wer than the chargino one, then 
it could open the cascade decay of But the difference between masses of xi an d x\ °f 
several dozen GeV (for example, 30 GeV for the high tan (3 scenario) results in that the 
branching ratio of chargino decay into Xi + / + /' is about 50 times as high as that of 
decay X2 + / + /' i n ^° (f° r example, 40 times for X2 + / + /' f° r the 95 GeV chargino, 
m x o = 40 GeV and m x o = 70 GeV). In the the following we do not take the latter decay 
channel into account. 

The main contribution to the total decay width comes from the diagram with the 
virtual H^-boson, while the contribution from diagrams with a heavy (300-400 GeV) 
selectron, sneutrino and charged Higgs is fairly small (1-2%). In Table [5] we present the 
decay widths for the 95 GeV chargino with respective branching ratios. 

Though the chargino decay width is small, it has rather short lifetime in the mass 
range 70-100 GeV to decay inside the detector. The decay width as a function of the 
chargino mass is shown in fig. |5|. 

As one can see, jj + x° or I + v + X° branching ratios are very close to jet or lepton 
branching ratios of the H^-boson. This is due to the fact that the main contribution to 
decay widths comes from the diagram with the virtual H^-boson decaying into two jets 
or the lepton and neutrino. It has been checked that these branching ratios are almost 
independent of the chargino mass in the interval 70-100 GeV. 

The possible signatures for pair chargino production are: 

1) two leptons (an electron or a muon) + missing if two charginos decay leptonically; 

2) a charged lepton, two jets and a missing transverse momentum in the final state 
if one of the charginos decays leptonically while the other has the hadronic decay 
mode; 

3) four jets and a missing transverse momentum if both charginos decay hadronically. 

All these signatures have the same source of background, namely, the WW one. Pure 
leptonic signature has the lowest rate. Moreover, two neutrinos in the final state with 
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large Pt cause the problem of reconstructing basic specific kinematic characteristics which 
are important for the signal and background separation. The last two signatures seem to 
be the most promising for chargino search. In this paper we have concentrated just on 
these two cases. 

For further calculations and the MC simulation we use the chargino mass equal to 
95 GeV which is almost at the limit of the maximum expected beam energy. 



4 Signal and Background Study 
4.1 MC simulation 

To study the possibility of the signal extraction from the background, the MC genera- 
tor for chargino pair production and decay has been created. It was designed as a new 



user process for PYTHIA 5.7/JETSET 7.4 package JTI|. This generator is related with 
PYTHIA 5.7 by a special interface and uses FORTRAN codes for squared matrix ele- 
ments produced by by CompHEP. For integration of the squared matrix element over 
the phase space and a consequent event simulation the Monte-Carlo generator uses the 
BASES/SPRING package |12| . In the same manner the generator for the real 2 — > 4 : 



e + e~ — ► I + jj + v background process has also been created. 

The effects of the final state radiation, hadronization and string fragmentation (by 
means of JETSET 7.4) have also been taken into account. For the detector simulation 
the LUCELL subroutine has been used. The following resolutions which are currently 
available at the ALEPH detector at LEP have been used for the jet and electron energy 
smearing: a hadron / E = 0.8/VE and a electron / E = 0.19/VE [[HJ. In our analysis we 
used the cone 0.4 (AR = y/Aip 2 + At] 2 = 0.4) algorithm for the jet reconstruction. The 
minimum Et threshold for a cell to be considered as a jet initiator has been chosen 2 GeV 
while the one of summed Et for a collection of cells to be accepted as a jet has been chosen 
9 GeV. 

Under the assumptions mentioned above the kinematic features of both signatures for 
signal and background have been studied. 



4.2 / + jj + I$ T signature 

Let us consider the 'mixed' mode of chargino decay with a charged lepton and two jets 
in the final state. The branching ratio for the chargino decay when one chargino decays 
into an electron or a muon; and the other one, into two jets is: BR(x pm — > Ijj + I$t) — 
2 ■ (0.658 • 0.228) = 0.30. For the 95 GeV chargino the cross section of this particular 
channel is equal to: a( X pm -> Ijj + $t) = o tot ■ BR( X pm -► Ijj + $ T ) • 2-9 • 0.3 = 0.9 pb. 

The main background with the same signature is the e + e~ — > W + W~ process if one of 
the W's decays leptonically and the other one decays hadronically. The total cross section 
of this process at the tree level for y/s = 200 GeV is o = 20.24 pb with the branching 
ratio of the IV-bosons decay BR(W pm -> Ijj + E T ) = 2 ■ (0.667 ■ 0.222) = 0.29. 

We have checked that the real 2^4 e + e~ — > l + jj + v process gives additional 13% 
to the contribution from e + e~ — ► W + W~, because of other additional diagrams. In fig. |] 
we present, as an example, the complete set of Feynman diagrams for e + e~ — > e + u + u + d 
process. Its cross section is equal to 0.78 pb, while the contribution from e + e~ — > W + W~ 
is equal to 0.69 pb. It has been checked that the real 2^4 e + e~ — > I + jj + v 
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process has a negligible difference in the shape distribution of main kinematic variables in 
comparison with e + e~ — > W + W~ (in of jets, missing P?, the invariant di-jet and the 
electron-neutrino mass). Thus one can use the resonance e + e~ — ► W + W~ process with 
applied factor 1.13. 

The total cross section of the WW background for this signature is expected to be 
equal to 20.24 • 0.29 • 1.13 = 6.6 pb. 

If we take into account the integral luminosity as high as 1000 pb -1 , then in terms of 
the number of events one can expect 900 and 6600 events, respectively, for these particular 
signatures. 

Among the kinematic variables for separation of the signal and background which have 



been studied in several papers (see, e.g. B, O) the most attractive are 



1) The squared missing mass defined as missing 4- momentum squared. 4- momenta can 
be resolved for e + e~ because we know exactly the energies of colliding beams and 
momenta of outgoing detectable particles. For the background the squared missing 
mass has a peak around zero while for the signal with undetectable heavy neutralinos 
it has a peak at a value larger than 2m^ . This fact is clearly demonstrated in fig. [7]. 
This figure clarifies also the importance of hadronization and fragmentation effects 
which should be taken into account as well as the smoothing ofjet and electron 
energies. All these effects lead to the smoothing of the missing mass distribution 
for the background around zero which is exactly zero at the parton level. 

2) The invariant di-jet mass which for the WW background is concentrated around 
the W mass, while for the signal it has a peak around m x + — m x o, see fig. [5[ As 
we can see, because of the jet reconstruction effects and energy smearing, the di-jet 
mass distribution for the background is shifted by approximately 10 GeV from the 
Z-peak to a lower value 

3) The invariant electron-neutrino mass, which for the WW background is concen- 
trated around the W mass, but has a peak at values higher than the VT-mass 
because of the errors in identification of the neutrino momentum. The signal distri- 
bution for the electron-" neutrino" mass has a peak, of course, at much higher values 
(at 155 GeV for the 95 GeV chargino and 40 GeV neutralino). 

4) Ht variable defined as a scalar sum of the transverse energies of the two final state 
quarks and E T of the charged lepton: 

H T = |£ r (jetl)| + |£ r (jet2)| + \E T (lepton) |. (11) 

This variable which was not considered in the previous studies of SUSY particle 
searches at LEP, but was successfully applied to the top-quark discovery at the 
Tevatron |JH}| . It can be considered as a measure of massiveness of the final state 
particle. In our case is softer for the signal than for the WW background because 
of a large mass which is gone away with two massive neutralinos. It is also a strong 



discriminant between the signal and background, see fig. 10 



By taking into account the specific features of the kinematic variables for the signal 
and background shown above, the following set of kinematic cuts has been worked out: 



7 



1) several general cuts: E Tlepton > 10 GeV, E T j 12 >10 GeV, isolation of the electron 
in terms of AR = ^A(j) 2 ej + A77J > 0.3. 

2) missing transverse momentum > 10 GeV, only a low cut, because the I£t distribu- 



tions for the signal and background are similar, see fig. n. 

3) squared missing mass > 10000 GeV 2 

4) invariant electron-neutrino mass > 140 GeV 

5) di-jet mass < 60 GeV 

6) H T < 70 GeV 

The consecutive action of these cuts is shown in Table ^ for the number of events 
corresponding to the total integrated luminosity 1000 pb -1 . It is clearly seen that designed 
cuts shown above suppress the background quite enough for the signal to be subtracted. 
It should be pointed out that the upper edge of the di-jet mass distribution for the signal 
gives an important information about the chargino and neutralino mass, it is equal to 
(m+ — m"), so the cut on the di-jet mass has been chosen in a way it does not affect the 
signal at all. After all cuts have been applied, we have 228 events for the signal and 15 
events from the background which is reduced by factor 0.002 from the parton level. 



In fig. 12 the di-jet mass distribution illustrating the clear signal effect is shown after 



the whole set of cuts has been applied. 



4.3 4 jets + I$t signature 

Let us turn now to the signature when both charginos decay hadronically having the 
4 jets + Ifix signature. For this case the signal ratio with BR = (0.67 • 0.67) = 0.45 
is 1.5 times higher than for the first signature. So the cross section for this channel is 
2.9-0.45 = 1.3 pb. 

The main SM backgrounds leading to the 4jets + Ufa signature are, first of all, the 
WW process when one W decays hadronically and the other decays into r-neutrino and 
r-lepton which decays then hadronically giving an extra neutrino and two jets. The 
branching ratio of this decay is 2-l/9[BR(W -> rv T )]-2/3[BR(W -> 2jets)]-0.Q5[BR(r -> 
u T + hadrons)] = 0.096. Thus the cross section of this process is 22.9 ■ 0.096 = 2.2 pb. 

We have also checked the other possible sources of backgrounds: e + e~ — > vVqq with the 
consequent gluon radiation of quarks, (for example, the cross section of the e~ — * u e V e uu 
process is equal to 0.038 pb, and after the di-jet radiation one can expect an additional 
factor of a s 2 , and the total cross section of the processes e + e~ — > uuqq — > If T + Ajets is 
of order 0.001 pb); e + e~ — > i> e V e W + W~ process with the total cross section 7.5 • 10~ 7 pb 
and e + e~ — > h , e U e Z°Z° process with the total cross section 5.4 • 10~ 9 pb. We can see that 
the only real background is the first one mentioned above. 

For the 1000 pb -1 luminosity we can expect 1300 and 2200 events of the signal and 
background, respectively, with the ratio higher than for the previous signature. At the 
same time MC simulation shows that it is more difficult to extract the signal for that type 
of events. The missing mass distribution for the signal is softer than that for the lepton + 
2 jets + IpT signature because of the absence of the neutrino, while for the background 
it is wider and harder because of the presence of additional neutrinos after the r-lepton 
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decay. Also, for the 4jet + fa signature there is no lepton in the final state and we cannot 
use the invariant mass of a lepton and a neutrino as a discriminator of the background. 

There is the reason for the fact that the signal ratio for 4jet + fa becomes smaller 
than for lepton + 2jets + fa signature after the detector simulation. It is related to the 
probability of the jet to be reconstructed. For WW events this probability is higher than 
that for chargino production with softer jets coming from virtual PU-boson with effective 
mass of 40 GeV which is half as large as that for the real I^-boson. The estimated 
probability (for parameters under the assumption) of the jet reconstruction from the real 
IV-boson is about 90% while for the virtual IV-boson it is only 70%. It means that the 
signal with two or four jets loses 50% or 75% events respectively. This fact makes also 
the lepton + 2jets + fa signature a little bit more attractive for the chargino search. 

At the same time the 4 — jet + fa channel is complementary to the I + 2jet + fa one 
and can give information about the branching ratios of chargino decay; it would be an 
independent confirmation of the possible chargino existence. 

For the background reduction we chose kinematical variables similar to those for the 
previous signature: 

1) Squared missing mass. For the background it has a peak around zero, but this 
distribution, as it was told above, is wider than that for the I + 2jet + fa events 



and softer for the signal, see fig. 13 



2) Invariant four-jet mass, which for the VTIU-background is concentrated around 
2Mw, while for the signal it has a peak around 2m x + — m x o, see fig. [14. 



3) Ht variable, see fig. [15 



The following set of kinematic cuts has been designed for this signature: 

1) several general cuts: -Et^i, 2,3,4 > 10 GeV, 

2) missing transverse momenta > 15 GeV, to reject a big amount of events which have 
nothing to do with the r-lepton in the final state. Usually these events are from the 



4-jet lUIU-decay with small missing transverse momenta, see fig. [16 

3) squared missing mass > 5000 GeV 2 

4) four-jet mass < 120 GeV 

5) H T < 100 GeV 

The consecutive action of these cuts is shown in Table ||] for the number of events 
corresponding to the same integrated luminosity as before. It is also clearly seen that the 
designed cuts suppress the background quite enough for the signal to be subtracted. 

After all cuts have been applied, we have 261 events for the signal and 43 from the 
background which is reduced by factor 0.02. We can see that the reduction factor for the 
background for this signature is 10 times smaller than that for the l + 2jets + fa signature 
for the reasons explained above. But nevertheless the cuts for the "jet" signature have 



a big affect on the background. In fig.[I7| the four-jet mass distribution, with clear signal 
effect similar to the previous signature, is shown after the whole set of cuts has been 
applied. 
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The upper edges of the four-jet mass distribution determine the 2 • (m+ — m") value 
which should be consistent with the value (m+ — m?.) coming from the I + 2 jets + fa 
signature study and it is complementary, which can improve determination of the chargino 
and neutralino masses. The procedure of extracting information about the chargino and 



neutralino from the endpoints of Mjj and Ejj has been described in ||15|| . The same 
procedure should be used in the case of the endpoints for Mjjjj and Ejjjj. The accuracy 
of the determination of the chargino and neutralino mass is expected to be of order 5 GeV. 



5 Conclusions 

In this paper, we have investigated the potential of the LEP II collider for the search of 
the chargino signal. The charged fermion, light chargino, is the most preferable SUSY 
particle to be discovered the first at LEP II. 

The total production rate of pair chargino production has been calculated. In the mass 
range within the reach of LEP II, the cross section of chargino production is of order 1 pb. 

The decay channels of the chargino have been studied. The only possibility of three- 
body decay is shown. The decay width as well as branching ratios have been calculated. It 
is shown that decay of the chargino into the next-to-lightest neutralino (which opens the 
cascade decay of the chargino) is suppressed enough for not to be taken into account. The 
most preferable signatures for chargino search, namely lepton + 2jets + fa and 4jets + fa 
have been studied. The signature with four jets and missing transverse momenta has not 
been investigated in details before. 

For analysing of the signal and background kinematics in order to suppress the latter, 
the MC generator has been created. In comparison with the previous papers related to 
the chargino search at LEP II, not only smearing but also the effects of hadronization 
and jet reconstruction as well as final state radiation have been taken into account, which 
is especially important for the 4 — jets + fa signature. Based on the study of the signal 
and background kinematics, the set of cuts for the signal extraction has been designed. 
These cuts suppress the background quite enough for the signal to be clearly seen. The 
information about chargino and neutralino masses can be extracted from the endpoints 
of the Mjj and Ejj or Mjjjj and Ejjjj distributions with an accuracy of order 5 GeV. 

The limits on the chargino mass which could be obtained at LEP II is very close (1- 
2 GeV) to the kinematic limit of the machine. The chargino discovery would shed light on 
the supersymmetry parameter space especially on and /i which are directly related 
to the chargino and neutralino masses. One can draw the chargino mass as a 2-D function 



of the mi/2 and fi parameters (fig. [18| for low tan/3 and fig. |20] for high tan/3 scenarios) 
and study the limits of mi/2 and [i for a fixed chargino mass which will be obtained at 
LEP II. In fig. |19| (low tan/3) and fig. |2l] (high tan/3) two regions in the TO1/2 and fi plane 
are shown excluding SUSY parameters for the 85 GeV (the present limit) and 99 GeV 
(the limit for yfs = 200 GeV) chargino. For example, for typical values of /i =500 and 
1000 GeV the limit on m,i/ 2 can be extended for the low tan/? scenario from 75 up to 
100 GeV and from 80 to 107 GeV, respectively, for LEP II with y/s = 200 GeV. For high 
tan/3 the respective limits will be extended from 101 to 118 GeV for fi = 500 GeV and 
from 102 to 121 GeV for \i = 100 GeV. 
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Figures 




Figure 1: Diagrams for the pair chargino production in e + e collisions. 
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Figure 2: The cross section as a function of the sneutrino mass for the low tan/5 (solid 
line) and high tan (3 scenarios (m x ±=95 GeV). 
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Figure 3: The cross section as a function of the chargino mass for the low tan (3 (solid 
line) and high tan (3 scenarios. 
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Figure 5: The total decay width as a function of the chargino mass for the low tan/3 
(solid line) and high tan (3 scenarios. 
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Figure 7: The missing mass distribution for the lepton + 2jets + I$t signature for the 
background (solid line) and for the chargino pair production (dashed line). 
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Figure 8: The invariant electron-neutrino mass distribution for the lepton + 2jets + Ifx 
signature for the background (solid line) and for the chargino pair production (dashed 
line) . 
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Figure 9: The di-jet mass distribution for the lepton + 2jets + Ifi T signature for the 
background (solid line) and for the chargino pair production (dashed line). 
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Figure 10: The H T distribution for the lepton + 2 jets + ffi T signature for the background 
(solid line) and for the chargino pair production (dashed line). 
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Figure 11: The tf T distribution for the lepton + 2 jets + ff, T signature for the background 
(solid line) and for the chargino pair production (dashed line). 
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Figure 12: The di-jet mass distribution for the lepton + 2jets + I£t signature for the 
signal+background (solid line) and for the background (dashed line) after cuts have been 
applied. 
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Figure 13: The missing mass distribution for the ijets + ^T signature for the background 
(solid line) and for the chargino pair production (dashed line). 
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Figure 14: The di-jet mass distribution for the Ajets + If T signature for the background 
(solid line) and for the chargino pair production (dashed line). 
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Figure 15: The H T distribution for the Ajets + tf T signature for the background (solid 
line) and for the chargino pair production (dashed line). 



26 



5 700 

o 

1 600 

CD 
> 
CD 

H — 

2 500 

CD 

E 

Z 400 



300 



200 



100 



10 20 30 40 50 60 70 80 90 100 

Missing P T [ GeV ] 



Figure 16: The IpT distribution for the Ajets + I$t signature for the background (solid 
line) and for the chargino pair production (dashed line). 
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Figure 17: The di-jet mass distribution for the 4jets + I^t signature for the sig- 
nal+background (solid line) and for the background (dashed line) after cuts have been 
applied. 
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Figure 18: The chargino mass as a function of and ji for low tan/3 
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Figure 19: The region in the mu2 — [i plane for low tan/3 excluded for m x ± > 85 GeV 
(1) and can be excluded for LEP II m x ± > 99 GeV (2). 
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Figure 20: The chargino mass as a function of raxii and \i for the high tan (3 scenario. 
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Figure 21: The region in the mi/2 — fi plane for high tan/3 excluded for m x ± > 85 GeV 
(1) and can be excluded for LEP II m x ± > 99 GeV (2). 
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Tables 





tan/5 = 1.52 


tan/3 = 41.2 


m 


400 GeV 


800 GeV 


mi/2 


111 GeV 


88 GeV 


M(0) 


1260 GeV 


-270 GeV 


A(0) 


GeV 


1256 GeV 



Table 1: The "best fit" SUSY parameters for the low and high tan (3 scenarios. 





tan/3 = 1.52 


tan/3 = 41.2 


xt 


82 GeV 


70 GeV 


xt 


549 GeV 


304 GeV 


x\ 


41 GeV 


35 GeV 


x\ 


83 GeV 


69 GeV 


xt A 


« 540 GeV 


^295 GeV 


h 


140 GeV 


504 GeV 




383 GeV 


675 GeV 




407 GeV 


818 GeV 



Table 2: The mass spectrum of some SUSY particles for the "best fit" for the low and 
high tan j3 scenarios. 
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Process 


1 (GeK J 


±>K{7o) 


1 


X + -> c6x u 


O.oo921 • 1U 


n no/ 
O.O/o 


o 

z 




n <5o /i /i c 1 n— 9 
U. 09440 • 1U 


n no/ 
O.O/o 


Q 
O 


X + — >• csx° 


n /i c^i n 1 n— 4 
U.4001U • 1U 


Q1 Q07 

oi.o/o 


4 


X + -> msx u 


0.23505- 10" 5 


1.6% 


5 


X + -»■ cc?x° 


0.23345 • 10" 5 


1.6% 


6 




0.45991 • 10" 4 


31.3% 


7 




0.16671 • 10" 4 


11.4% 


8 


X + -> /i + ^X U 


0.16303- 10" 4 


11.4% 


9 


X + -> e+z/ e x u 


0.16303- 10^ 4 


11.4% 



Table 3: Chargino decay widths and branching ratios. 



Cut 


WW :l+j + $ T 


signal : 1 + j + J^t 





6600 


900 


1 


4385 


346 


2 


4206 


317 


3 


31 


301 


4 


26 


268 


5 


26 


268 


6 


15 


228 



Table 4: Numbers of events for the signal and background for the l + 2jets + ^r signature 
for the consecutive cut application for the integrated luminosity 1000 pb _1 . 



Cut 


WW : Ajet + $ T 


signal : Ajet + I$t 





2200 


1300 


1 


1183 


261 


2 


176 


212 


3 


44 


190 


4 


44 


190 


5 


43 


187 



Table 5: Number of events for the signal and background for the A jets + $r signature 
for the consecutive cut application for the integrated luminosity 1000 pb _1 . 
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